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[Title of Invention] Probe for the Probe Card 

[What is claimed is] 
[Claim 1] 

A probe for a probe card characterized in that the same 
has a structure where either nickel plating or nickel 
alloy plating is applied to the surface of a core material 
made of either palladium alloy or beryllium copper alloy. 
[Claim 2] 

A probe for a probe card characterized in that the same 
has a structure where either nickel plating or nickel 
alloy plating is applied to the surface of a core material 
made of either palladium alloy or beryllium copper alloy 
and a wire drawing operation with a wire drawing die is 
performed . 
[Claim 3] 

A probe for a probe card according to claim 1 
characterized in that a gold plating is applied to the 
upper-most surface of said probe. 
[Claim 4] 

A probe for a probe card according to claim 2 



characterized in that a gold plating is further applied to 
the upper-most surface of said probe after said wire 
drawing operation is performed. 
[Detailed Description of the Invention] 
[0001] 

[Technical Field of Invention] 

This invention relates to a probe for a probe card that 
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is used in a probe card for inspecting an electrical 

characteristic of an IC chip. 

[0002] 

[Description of Related Art] 

In the case that an electrical characteristic of an IC 
chip forming a semiconductor device is to be inspected, a 
device called as a probe card is used. FIG.l is a 
sectional view for showing a configuration of the vertical 
type probe card. As shown in this figure, the vertical 
probe card is constituted by a plurality of probes 1 for 
probe card (hereinafter merely called as a "probe") which 
have curved portions la and forming a needle-like shape; a 
guide 2 for use in suspending these probes 1 and fixing 
them; and a base plate 3 where each of wiring patterns 
having rear ends of the probes connected by soldering for 
every probes 1 is formed. The probe 1 is connected to a 
terminal arranged at a circumference of the base plate 3 
through the wiring pattern. When an IC chip is to be 
inspected, an inspection device called as a prober is 
connected to the terminal of the base plate 3 . The guide 2 
is constituted by an upper guide plate 21 having guide 
holes 21a where each of the plurality of probes 1 passes 
through the holes; a lower guide plate 22 arranged in 
parallel with the upper guide plate 21 while being spaced 
apart by a predetermined distance below it and having 
guide holes 22a where each of a plurality of probes 1 
passes through the holes; a probe fixing member 23 
arranged over the upper guide plate 21 for fixing a 
plurality of probes 1; and a supporting member 24 
suspended down from the rear surface of the base plate 3 
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so as to support the upper guide plate 21 and the lower 
guide plate 22 . 
[0003] 

Reference numeral 4 denotes a wafer mounting table, and 
a wafer 5 formed with a plurality of IC chips 51 to be 
inspected is mounted on this wafer table 4. Reference 
symbol 51a denotes an electrode formed at the surface of 
the IC chip 51. A vertical type probe card is made such 
that the tip of the probe 1 is contacted vertically to the 
electrode 51a of the IC chip 51 and the tip of the probe 1 
is positioned just above the electrode 51a. Then, the 
wafer mounting table 4 is lifted up toward the probe 1 to 
cause the electrode 51a of the IC chip 51 to be contacted 
with the tip of the probe 1. 
[0004] 

In this case, an aluminum- copper alloy film containing 
aluminum and copper, or an aluminum film forms the 
electrode 51a of the IC chip 51. As the surface of the 
electrode 51a, an oxidization film composed of thin 
aluminum oxide is formed. Since this oxidization film is 
an insulator, mere contact of the tip of the probe 1 with 
the surface of the electrode 51a does not enable the tip 
of the probe 1 to be contacted with the aluminum- copper 
alloy film positioned below the oxide film, resulting in 
that an electrical connection between the tip of the probe 
1 and the aluminum- copper alloy film can not be attained. 
[0005] 

Due to this fact, after the tip of the probe 1 is 
contacted with the electrode 51a, the wafer mounting table 
4 is lifted up. An operation in which the tip of the probe 
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1 is contacted with the electrode 51a and then the IC chip 
51 is lifted up toward the probe 1 is called as an over- 
drive. A distance where the IC chip 51 is lifted up after 
contact with the probe 1 is called as an amount of over- 
drive. In general, this amount of over- drive is about 50 
to 100 lira. As shown in FIG. 2, in the vertical type probe 
card, the probe 1 having a curved portion la is used. Then, 
when an over-drive is applied after the tip of the probe 1 
is contacted with the electrode 51a, the probe 1 is 
operated such that as shown in FIG. 3 its curved portion la 
is resiliently deformed and flexed to cause the probe tip 
to press against the electrode 51a with a predetermined 
contact force (a probe force) . With such an operation as 
above, the oxide film is broken and removed from the 
surface of the electrode 51a at the contact point between 
the probe 1 and the electrode 51a, resulting in that the 
tip of the probe 1 and the aluminum- copper alloy film of 
the electrode 51a can be directly contacted. Further, a 
contact force (g) is increased in proportion to a value of 
the amount of over-drive (Mm) . 
[0006] 

FIG. 4 is an illustrative view for showing an outer 
appearance shape of the probe used in the vertical type 
probe card. A size of the probe will be described as 
follows, wherein a diameter (an outer diameter) D is 80 Mm, 
a tip length LI is 450/lm, the most- tip diameter (d) is 
about 25 to 30 Mm, and a length of the curved part L2 is 
about 2mm. The probe with the diameter D of 80 Mm is used 
for the vertical type probe card for use in inspecting the 
IC chip having a pitch size between the electrodes of 200 
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Mm. The prior art probe has a non-plated bare wire 
structure showing a circular sectional surface and this 
probe is made from tungsten, beryllium copper alloy or 
palladium alloy. These metallic materials are superior as 
electrical contact point materials. As beryllium copper 
alloy, an alloy of Cu - Be by 2 mass% containing beryllium 
by 2 mass% can be applied. In addition, as palladium alloy, 
either Paliney 7 (a product name) or Paliney 6 (a product 
name) developed by NEY Corporation in U.S. A can be applied, 
and Paliney 7 is used most frequently. Paliney 7 
(corresponding to ASTM American Society for Testing and 
Materials B-540) is 6-element alloy containing palladium 
as its major element. Chemical components of Paliney 7 are 
as follows: Pd: 35 mass%, Ag : 30 mass%, Pt: 10 mass%, Au : 
10 mass%, Cu : 14 mass% and Zn : 1 mass%. Paliney 6 
(corresponding to ASTM American Society for Testing and 
Materials B-563) is a 4-element alloy containing palladium 
as its major element. Chemical components of Paliney 6 are 
as follows: Pd: 42 to 44 mass%, Ag : 38 to 41 mass%, Pt : 0 
to 1 mass%, Cu : 16 to 17 mass%. 
[0007] 

The probe made of tungsten is manufactured such that 
tungsten powder is formed with a press to attain a molded 
product, a repeated application of electrical heating, hot 
processing and a heat treatment for this molded product 
causes this molded product to become a wire material of 
predetermined diameter, then the wire material is drawn by 
wire drawing dies to attain a fine wire for the probe, and 
both a polishing work for forming a tip shape and a 
bending work for forming a curved portion are applied to 



the fine wire for the probe cut to a predetermined length. 
Further, the probe made of either beryllium copper alloy 
or palladium alloy is manufactured such that raw material 
metals are mixed to each other, melted in vacuum condition 
to make billets, a repeated application of both a cold 
processing and a heat treatment is set against the billets 
to attain a wire material having a predetermined diameter, 
then the wire material is drawn by wire drawing dies to 
attain a fine wire for the probe, and both a polishing 
work for forming a tip shape and a bending work for 
forming a curved portion are applied to the fine wire for 
the probe cut to a predetermined length. The probe used in 
the vertical type probe card is connected at its rear end 
to the base plate by soldering. Due to this fact, the 
probe made of tungsten is applied with nickel plating only 
at the rear end portion. 
[0008] 

As described above, the prior art probe used for the 
vertical type probe card was made of tungsten, beryllium 
copper alloy or palladium alloy and had non-plated bare 
wire structure. 
[0009] 

[Problems to be Solved by the Invention] 

Irrespective of the foregoing fact, a pitch size 
between the electrodes of the IC chip is gradually 
decreased as a fine size of the semiconductor integrated 
circuit is promoted and correspondingly the probe diameter 
D is also gradually made fine. Then, in the case that the 
IC chip having its pitch size between the electrodes of 
100/lm, it becomes necessary to use the probe with its 
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diameter D being 65 Mm. 
[0010] 

However, in the case of palladium alloy probe with a 
diameter D being 65 Mm in the prior art probe having a 
bare wire structure used for the vertical type probe card, 
a predetermined contact force can not be attained when an 
over-drive is applied, so that no electrical connection 
can be made between the tip of the probe and the aluminum- 
copper alloy film at the electrode of the IC chip. Due to 
this fact, there was a problem that it is not possible to 
perform an inspection test for the IC chip with a pitch 
size between the electrodes being 100 Mm. In addition, 
also in the case of probe made of beryllium copper alloy 
with a diameter D being 65 Mm, a predetermined contact 
force can not be attained when the over-drive is applied. 
[0011] 

To the contrary, the tungsten probe with a diameter D 
being 65 Mm can attain a predetermined contact force when 
the over drive is appl ied because tungsten is superior in 
view of its spring characteristic as metallic material as 
compared with that of palladium alloy and beryllium copper 
alloy. However, the tungsten probe of bare wire structure 
has a problem to be described as follows. The tip of the 
tungsten probe becomes to show a high temperature and 
easily becomes oxidized because the inspection temperature 
for the IC chip is 85*C or 150*0. As the surface of the tip 
of the tungsten probe is oxidized, a part of aluminum 
oxide removed from the surface of the electrode of the IC 
chip due to the over drive is easily adhered to the tip of 
the probe. In this way, when aluminum oxide of insulating 
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material adheres to the tip of the tungsten probe, a 
contact resistance between the probe tip and the electrode 
is increased. Due to this fact, when such a probe as above 
is continued to be used, the electrical connection becomes 
finally poor, resulting in that an inspection test for the 
IC chip can not be carried out accurately. 
[0012] 

In addition, in the case of the palladium alloy probe 
and the beryllium copper alloy probe, there occurs no 
possibility that a poor electrical connection is produced 
by adhesion of aluminum oxide because the surface is 
hardly oxidized even at an inspection test temperature for 
the IC chip. 
[0013] 

It is an object of the present invention to provide a 
probe for a probe card which can be applied to the probe 
card for performing an inspection of the IC chip having a 
fine pitch such as 100 Mm, for example, as an inter- 
electrode pitch size and which can be adapted for a 
reduced small inter - electrode pitch size of the IC chip 
due to a development of fine formation of the semi- 
conductor integrated circuit by improving a probe for a 
probe card having a bare wire structure made of palladium 
alloy and a probe for a probe card having a bare wire 
structure made of beryllium copper alloy. 
[0014] 

[Means for Solving Problems] 

In order to accomplish the aforesaid object, the 
invention described in Claim 1 provides a probe for a 
probe card characterized in that the same has a structure 
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in which either a nickel plating or a nickel alloy plating 
is applied to the surface of a core member made of 
palladium alloy or beryllium copper alloy. 
[0015] 

The invention described in Claim 2 consists in a probe 
for a probe card characterized in that the same has a 
structure in which either a nickel plating or a nickel 
alloy plating is applied to the surface of the core member 
comprised of either palladium alloy or beryllium copper 
alloy and a wire drawing work with the wire drawing dies 
is applied to the wire. 
[0016] 

The invention described in Claim 3 provides a probe for 
the probe card according to Claim 1 characterized in that 
a gold plating is further applied to the upper-most 
surface. The invention described in Claim 4 consists in 
the probe for the probe card according to Claim 2 
characterized in that a gold plating is further applied to 
the upper-most surface after the wire drawing operation is 
performed for the wire. 
[0017] 

It is known that nickel and nickel alloy are superior 
in spring characteristics ( such as Young ' s modulus , and 
elastic limit) and hardness as compared with those of 
palladium alloy and beryllium copper alloy. In accordance 
with the probe of the invention described in Claim 1, it 
is possible to increase a contact force (a probe force) 
generated under an elastic deformation and flexing of the 
probe curved portion when the over drive is applied as 
compared with that of the probe made of palladium alloy or 
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beryllium copper alloy having the prior art bare wire 
structure because either the nickel plating or the nickel 
alloy plating is applied to the surface of the core 
material made of palladium alloy or beryllium copper alloy. 
With such an arrangement as above, the probe diameter can 
be made fine to have a size of 65 Mm and the inspection 
test for the IC chip with an inter - electrode pitch size 
being 100 /Xm can be carried out. In addition, in 
accordance with the probe of the invention described in 
Claim 1, it is possible to perform a bending operation 
having a superior processing accuracy because no spring- 
back is produced when the curved portion is formed. 
Further, when the over drive is finished, it is superior 
in a shape recovering characteristic (a shape recovering 
force) at the curved portion where the curved portion kept 
in its flexed state up to now is apt to return to its 
original shape. Due to this fact, even if the probe is 
continued to be used repeatedly for a long period of time, 
the position of the probe tip is not changed, but kept 
constant, and so its positional displacement in respect to 
the IC chip electrode is not produced. In the case of the 
probe in accordance with the invention described in Claim 
1, if its diameter is 65/Zm, it is suitable that a 
thickness of the nickel plating or nickel alloy plating is 
3//m or more. A reason for this fact consists in that if 
the thickness is lower than 3/Xm, a desired contact force 
can not be attained. Further, in view of its cost, it is 
suitable that its upper limit value is 15 Mm. 
[0018] 

To the contrary, the probe in accordance with the 
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invention described in Claim 2 is added with the structure 
of the probe in accordance with the invention described in 
Claim 1 and processed with a wire drawing operation 
performed with the wire drawing dies. The plated fine wire 
for the probe processed with the wire drawing operation 
under application of the wire drawing dies and finished to 
a product diameter after being applied with plating is 
more superior in view of its spring characteristic and 
hardness as compared with the plated fine wire for probe 
having the same product diameter where no wire drawing 
operation is applied because the aforesaid wire drawing 
operation is applied. 
[0019] 

Thus, in accordance with the probe of the invention 
described in Claim 2, it can take a high contact force (a 
probe force) as compared with that of the prior art probe 
having bare wire structure made of palladium alloy or 
beryllium copper alloy and as compared with that of the 
probe of the invention described in Claim 1 when the over 
drive is applied because the probe has a structure in 
which either the nickel plating or the nickel alloy 
plating is applied to the surface of the core member made 
of palladium alloy or beryllium copper alloy and because 
the wire drawing operation is performed with the wire 
drawing dies. With such an arrangement as above, the probe 
diameter can be set to a fine size of 65 Mm and the IC 
chip with an inter - electrode pitch size being lOOMm can 
be inspected. In addition, in accordance with the probe of 
the invention described in Claim 2, a superior bending 
operation showing a high processing accuracy can be 
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carried out when the curved portion is formed more than 
that of the probe of the invention described in Claim 1 
and at the same time this is superior in a shape 
recovering characteristic (a shape recovering force) of 
the curved portion. In accordance with a result of 
observation performed through a microscope, the plated 
surface of the probe in accordance with the invention 
described in Claim 2 has a quite low irregularity as 
compared with that of the plated surface of the probe in 
accordance with the invention described in Claim 1 and 
made smooth because the wire drawing operation with the 
wire drawing dies is carried out. In the case of the probe 
in accordance with the invention described in Claim 2, if 
its diameter is 65 /Zm, it is suitable that a thickness of 
the nickel plating or the nickel alloy plating is 2 Mm or 
more. A reason why this value is suitable consists in the 
fact that if the value is lower than 2 Mm, a desired 
contact force can not be attained. 
[0020] 

In the case of the probe made in accordance with the 
present invention, as its nickel alloy plating, it is 
possible to apply a nickel - cobalt alloy plating (Ni/Co 
alloy plating), a nickel-iron alloy plating (Ni/Fe alloy 
plating), a nickel - chromium alloy plating (NiYCr alloy 
plating), a nickel -palladium alloy plating (Ni/Pd alloy 
plating) and a nickel - tellurium- chromium alloy plating 
(Ni/Te/Cr alloy plating) . Then, it is suitable that an 
amount of inclusion of nickel in the nickel alloy plating 
is 20 mass% or more. A reason why this value is applied 
consists in the fact that if the value is lower than 20 
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mass%, the work hardening at the wire drawing operation is 
promoted to cause the wire drawing limit to be reduced and 
the wire drawing characteristic is damaged. 
[0021] 

In the case of the probe in accordance with the 
inventions described in Claims 1 and 2, it is also 
applicable that a gold plating is applied to the uppermost 
surface of it. When a high frequency signal is flowed in 
the probe, the probe having the gold plating applied at 
its uppermost surface can avoid an electrical resistance 
due to its surface effect. In addition, the gold plating 
is applied after both a polishing work for forming the tip 
shape and a bending work for forming the curved portion 
are carried out. It is suitable that a thickness of the 
gold plating is about 0.2 to 1.0 /Zm 
[0022] 

[Embodiments] 

Some embodiments of the present invention will be 
described as follows . At first , the embodiment relating to 
the invention described in Claim 2 will be described. 
[0023] 

[Embodiment 1] 

The inventors have manufactured a probe with a diameter 
of 65 Mm having a structure in which a nickel plating with 
a thickness of 5 ttm is applied to the surface of the core 
member made of Paliney 7 of palladium alloy with a 
circular sectional surface and in which a wire drawing 
operation is carried out with the wire drawing dies. 
[0024] 

A method for manufacturing the probe in accordance with 
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the embodiment 1 will be described. At first, a nickel 
plated fine wire for the probe with a diameter of 118 Mm 
and a plating thickness of 9 Mm has been manufactured 
starting from the wire material with a diameter of 100 Mm 
made of Paliney 7 having the aforesaid chemical 
composition through the following steps. That is, these 
steps are (1) an electrolysis degreasing step, (2) a water 
washing step, (3) an activating step, (4) a water washing 
step, (5) a strike plating step, (6) a water washing step, 
(7) a plating step, (8) a water washing step, (9) a drying 
step and (10) a take-up step. In the plating step for 
performing an electrical plating, a plating bath called as 
"Watts bath" composed of nickel sulfate (NiS0 4 * 6H 2 0) , 
nickel chloride (NiCl 2 * 6H z O) and boric acid (H 3 B0 3 ) was 
used for the wire material made of Paliney 7 with a 
diameter of 100 Mm, and a nickel plating with a nickel 
thickness of 9 Mm was applied with a cathode current 
density being 2 to 10A/dm 2 . 
[0025] 

Then, this nickel plated fine wire for the probe was 
made fine in sequence with a plurality of wire drawing 
dies to attain the nickel plated fine wire for the probe 
applied with the wire drawing operation and having a 
diameter of 65 Mm and a plated thickness of 5 Mm. A wire 
drawing machine is classified as a slip type continuous 
wire drawing machine. In this case, a cone- type wet 
continuous wire drawing machine for a fine wire was used. 
As the wire drawing dies, natural diamond dies were used. 
A rate of reduction of sectional surface was set to about 
10 to 20% for one wire drawing dies. 
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[0026] 

Then, the nickel plated fine wire for the probe applied 
with the wire drawing operation described above is cut 
under a predetermined length pitch, a pitch of length of 
60 nun, for example. Both a polishing operation for forming 
a tip shape and a bending operation for forming a curved 
portion were carried out for the nickel plated fine wire 
of a predetermined length for the probe applied with the 
wire drawing operation to attain the probe with a diameter 
of 65 Mm having a structure in which a nickel plating of a 
thickness of 5 Mm was applied at the surface of the core 
material made of Paliney 7 and a wire drawing operation 
with some wire drawing dies were performed. A size of this 
probe (refer to FIG. 4) has a diameter (an outer diameter) 
D of 65Mm, a tip length LI of 450 /Xm, the most tip 
diameter (d) of 25 Mm and a length of the curved portion 
L2 of about 2mm. Further, all the probe sizes in the 
embodiments 1 to 5 are the same to each other. 
[0027] 

Contact force (probe force) under application of the 
over-drive for both the probe of the embodiment 1 and the 
probe of the comparison example were measured. The size of 
each of the portions of the probe of comparison example is 
the same as that of the probe of the embodiment 1, and the 
probe of comparison example is the probe (prior art 
product) having a bare wire structure made of Paliney 7 . 
[0028] 
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[Table 1] 





Over - Drive Amount 




50 Mm 


60 Mm 


70 Mm 


80 Mm 


90 Mm 


100 Mm 




Comparison 
Example 1 


3 . 0 


3 . 5 


4 . 2 


4 . 9 


5 . 3 


6 . 0 




Embodiment 
1 


5 . 1 


6 . 1 


7 . 0 


8.1 


9 . 0 


10 . 0 


Contact 
Force 


Embodiment 
2 


6 . 0 


6.9 


8 . 1 


9 . 0 


10 . 1 


11 . 0 




Embodiment 
3 


6 . 1 


7 . 0 


8 . 1 


9 . 1 


10 . 0 


11 . 1 




Embodiment 
4 


5 . 0 


5 . 9 


7 . 0 


8 . 0 


9 . 9 


10 . 0 




Embodiment 
5 


6 . 0 


7 . 1 


8 . 0 


9 . 1 


10 . 0 


11 . 0 



[0029] 



A result of measurement is indicated in Table 1. In 
general, an amount of over-drive is about 50 to 100 Mm. In 
order to attain a positive electrical connection between 
the probe tip and the aluminum- copper alloy film at the IC 
chip electrode, it is needed that the contact force is 7g 
or more. In the case of the probe of the comparison 
example, the contact force under application of an amount 
of over-drive of 50 Mm was 3 . Og and the contact force 
under application of an amount of over-drive of 100 Mm was 
6.0g. In the case of the probe of the comparison example, 
even if the amount of over-drive was 100 Mm, it was not 
possible to attain the aforesaid lower limit value of 
contact force of 7g. To the contrary, in the case of the 
probe of the embodiment 1, the contact force under 
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application of the amount of over-drive of 50 Mm was 5.1g, 
the contact force under application of 100 Mm was 10. Og 
and the aforesaid lower limit value of the contact force 
of 7g was attained under application of the amount of 

over-drive of 70 Mm or more. Young's modulus of the nickel 
plated fine wire for the probe applied with a wire drawing 
operation described above which was used for the probe of 
the embodiment 1 was 150 GPa, and Young's modulus of the 
fine wire for the probe made of Paliney 7 with a diameter 
of 65 Mm which was used for the probe of the comparison 
example was 120 GPa. 
[0030] 

Further, introducing another example in the embodiment 
1 shows that the nickel - plated fine wire for the probe 
with a diameter of 126 Mm and a plated thickness of 13 Mm 
was manufactured from the wire material with a diameter of 
100 Mm made of Paliney 7. This nickel -plated fine wire for 
the probe was made fine in sequence with the wire drawing 
dies to attain the nickel -plated fine wire for the probe 
having a diameter of 65 Mm and a plated thickness of 
6. 7 Mm and processed by the wire drawing operation. 
[0031] 

[Embodiment 2] 

In this embodiment, the inventors manufactured a probe 
having a structure in which a nickel alloy plating (Ni/Co 
alloy plating) containing cobalt by 30 mass% with a 
thickness of 5 Mm was applied to the surface of the core 
material made of Paliney 7 of palladium alloy, and having 
a diameter of 65 Mm where the wire was drawn with the wire 
drawing dies. 
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[0032] 

The method for manufacturing the probe of the 
embodiment 2 is the same as that of the embodiment 1 
except the fact that its component substances of the 
plating bath used in the plating step are different from 
those of the aforesaid plating bath in the first 
embodiment 1. That is, the step of plating operation used 
the plating bath in which cobalt sulfate (CoS0 4 * 7H 2 0) was 
added to the component substances of the plating bath of 
the embodiment 1 . 
[0033] 

In reference to the probe of the embodiment 2, the 
contact force under application of the over-drive was 
measured. A result of measurement is indicated in Table 1. 
In the case of the probe of the embodiment 2, the contact 
force with the amount of over-drive being 50 Mm was 6.0g, 
the contact force with the amount of over-drive being 100 
/xm was 11. Og and the aforesaid lower limit value of 
contact force of 7g was attained under a state in which 
the amount of over -drive was about 6 0/im or more. 
[0034] 

[Embodiment 3] 

In this embodiment, the inventors manufactured a probe 
having a structure in which a nickel alloy plating (Ni/Fe 
alloy plating) containing iron by 15 mass% with a 
thickness of 5 Mm was applied to the surface of the core 
material made of Paliney 7 of palladium alloy, and having 
a diameter of 65 Mm where the wire was drawn with the wire 
drawing dies. 
[0035] 
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The method for manufacturing the probe of the 
embodiment 3 is the same as that of the embodiment 1 
except the fact that its component substances of the 
plating bath used in the plating step are different from 
those of the aforesaid plating bath of the embodiment 1. 
That is, as the plating bath, the inventors used a plating 
bath called as "a wolf bath" having, as its major 
substances, ferrous sulfate (FeS0 4 • 7H 2 0) and nickel 
sulfate (NiS0 4 • 6H 2 0) . 
[0036] 

In reference to the probe of the embodiment 3, the 
contact force under application of the over-drive was 
measured. A result of measurement is indicated in Table 1. 
In the case of the probe of the embodiment 3, the contact 
force with the amount of over-drive being 50 Mm was 6.1g, 
the contact force with the amount of over- drive being 100 
Mm was 11. lg and the aforesaid lower limit value of 
contact force of 7g was attained under a state in which 
the amount of over -drive was 60 Mm or more. 
[0037] 

[Embodiment 4] 

In this embodiment, the inventors manufactured a probe 
having a structure in which a nickel plating with a 
thickness of 5 Mm was applied to the surface of the core 
material made of beryllium copper alloy containing 
beryllium by 2 mass%, and having a diameter of 65 Mm where 
the wire was drawn with the wire drawing dies. The probe 
of the embodiment 4 was manufactured by the same 
manufacturing method as that of the aforesaid embodiment 1 
under application of the wire material with a diameter of 
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100 Mm made of beryllium copper alloy containing beryllium 
by 2 mass% in place of the wire material with a diameter 
of lOOMm made of Paliney 7. 
[0038] 

In reference to the probe of the embodiment 4, the 
contact force under application of the over-drive was 
measured. A result of measurement is indicated in Table 1. 
In the case of the probe of the embodiment 4, the contact 
force with the amount of over-drive being 50/Xm was 5.0g, 
the contact force with the amount of over-drive being 100 
Mm was 10. Og and the aforesaid lower limit value of 
contact force of 7g was attained under a state in which 
the amount of over -drive was 70 Mm or more. 
[0039] 

[Embodiment 5] 

In this embodiment, the inventors manufactured a probe 
having a structure in which a nickel alloy plating 
containing cobalt by 30 mass% with a thickness of 5 Mm was 
applied to the surface of the core material made of 
beryllium copper alloy containing beryllium by 2 mass%, 
and having a diameter of 65 Mm where the wire was drawn 
with the wire drawing dies. The probe of the embodiment 5 
was manufactured by the same manufacturing method as that 
of the aforesaid embodiment 1 by using the wire material 
with a diameter of 100 Mm made of beryllium copper alloy 
containing beryllium by 2 mass% in place of the wire 
material with a diameter of 100 Mm made of Paliney 7, and 
by using a plating bath composed of nickel sulfate (NiS0 4 * 
6H 2 0) , nickel chloride (NiCl 2 * 6H 2 0) , boric acid (H 3 B0 3 ) and 
cobalt sulfate (CoS0 4 .- 7H 2 0) in place of "Watts bath". 
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[0040] 

In reference to the probe of the embodiment 5, the 
contact force under application of the over-drive was 
measured. A result of measurement is indicated in Table 1. 
In the case of the probe of the embodiment 5, the contact 
force with the amount of over-drive being 50 Mm was 6.0g, 
the contact force with the amount of over-drive being 100 
Mm was 11. Og and the aforesaid lower limit value of 
contact force of 7g was attained under a state in which 
the amount of over- drive was 60/Xm or more. 
[0041] 

Then, the embodiment of the present invention described 
in Claim 1 will be described as follows. 
[0042] 

[Embodiment 6] 

The inventors manufactured the probe having a structure 
in which a nickel plating with a thickness of 5 Mm was 
applied to the surface of the core material with a 
circular sectional surface made of Paliney 7 of palladium 
alloy, and having a diameter of 65 Mm. 
[0043] 

A method for manufacturing the probe of the embodiment 
6 will be described. The nickel plated fine wire for the 
probe with a diameter of 65 Mm and a plating thickness of 
5 Mm was manufactured from the wire material with a 
diameter of 55 Mm made of Paliney 7 containing the 
aforesaid chemical composition and through the following 
steps. That is, these steps are (1) an electrolysis 
degreasing step, (2) a water washing step, (3) an 
activating step, (4) a water washing step, (5) a strike 
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plating step, (6) a water washing step, (7) a plating step, 
(8) a water washing step, (9) a drying step and (10) a 
take-up step. In the plating step for performing an 
electrical plating, a plating bath called as the aforesaid 
"Watts bath" was used for the wire material made of 
Paliney 7 with a diameter of 55 Mm, and a nickel plating 
with a nickel thickness of 5/lm was applied with a cathode 
current density being 2 to 10A/dm 2 . 
[0044] 

Then, the aforesaid nickel plated fine wire for the 
probe is cut under a predetermined length pitch, a pitch 
of length of 60 mm, for example. Both a polishing 
operation for forming a tip shape and a bending operation 
for forming a curved portion were carried out for the 
nickel plated fine wire of this predetermined length for 
the probe to attain the probe with a diameter of 65 Mm 
having a structure in which a nickel plating of a 
thickness of 5 Mm was applied to the surface of the core 
material made of Paliney 7. A size of this probe (refer to 
FIG. 4) has a diameter (an outer diameter) D of 65/Xm, a 
tip length LI of 450 Mm, the most tip diameter (d) of 
25 Mm and a length of the curved portion L2 of about 2mm. 
Further, all the probe sizes in the embodiments 6 to 9 are 
the same to each other . 
[0045] 
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[Table 2] 







Over-Drive Amount 






50/im 


60 Mm 


70Mm 


80 Mm 


90 Mm 


100 Mm 


Contact 
Force 


Embodiment 
6 


4 . 5 


5.6 


6.4 


7 . 6 


8 . 5 


9 . 5 


(g) 


Embodiment 
7 


5.0 


5 . 9 


7 . 0 


7 . 9 


9 . 0 


10 . 0 




Embodiment 
8 


4 . 5 


5.5 


6 . 4 


7 . 5 


8 . 6 


9 . 5 




Embodiment 
9 


5 . 0 


5 . 9 


6 . 9 


8 . 0 


9 . 1 


10 . 0 



[0046] 



In reference to the probe of the embodiment 6, the 
contact force under application of the over - drive was 
measured. A result of measurement is indicated in Table 2. 
In the case of the probe of the embodiment 6, the contact 
force with the amount of over-drive being 50 Mm was 4.5g, 
the contact force with the amount of over-drive being 100 
Mm was 9 . 5g and the aforesaid lower limit value of 
contact force of 7g was attained under a state in which 
the amount of over -drive was about 75 Mm or more. 
[0047] 

[Embodiment 7] 

The inventors manufactured the probe having a structure 
in which a nickel alloy plating containing cobalt by 30 
mass% with a thickness of 5 Mm was applied to the surface 
of the core material made of Paliney 7 of palladium alloy, 
and having a diameter of 65 Mm. 
[0048] 

The method for manufacturing the probe described in the 
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embodiment 7 is the same as that of the embodiment 6 
except the fact that the component substances in the 
plating bath used in the plating step are different from 
those of the aforesaid plating bath in the aforesaid 
embodiment 6. That is, at the plating step, the plating 
bath having cobalt sulfate (CoS0 4 • 7H 2 0) further added to 
the component substances of the plating bath of the 
embodiment 6 was used. 
[0049] 

In reference to the probe of the embodiment 7, the 
contact force under application of the over- drive was 
measured. A result of measurement is indicated in Table 2. 
In the case of the probe of the embodiment 7, the contact 
force with the amount of over-drive being 50 Mm was 5.0g, 
the contact force with the amount of over-drive being 100 
Mm was 10. Og and the aforesaid lower limit value of 
contact force of 7g was attained under a state in which 
the amount of over -drive was 70 Mm or more. 
[0050] 

[Embodiment 8] 

The inventors manufactured the probe having a structure 
in which a nickel plating with a thickness of 5 Mm is 
applied to the surface of the core material made of 
beryllium copper alloy containing beryllium by 2 mass%, 
and having a diameter of 65 Mm. In the case of the probe 
of the embodiment 7, the present inventors manufactured it 
by using the wire material with a diameter of 55 Mm made 
of beryllium copper alloy containing beryllium by 2 mass% 
in place of the wire material with a diameter of 55 Mm 
made of Paliney 7 under application of the same 



24 




manufacturing method as that of the embodiment 6 . 
[0051] 

In reference to the probe of the embodiment 8, the 
contact force under application of the over-drive was 
measured. A result of measurement is indicated in Table 2. 
In the case of the probe of the embodiment 8, the contact 
force with the amount of over-drive being was 4.5g, 

the contact force with the amount of over -drive being 100 
Mm was 9.5g and the aforesaid lower limit value of 
contact force of 7g was attained under a state in which 
the amount of over -drive was about 75 Mm or more. 
[0052] 

[Embodiment 9] 

The inventors manufactured the probe having a structure 
in which a nickel alloy plating containing cobalt by 30 
mass% with a thickness of 5 Mm is applied to the surface 
of the core material made of beryl 1 ium copper alloy 
containing beryllium by 2 mass%, and having a diameter of 
65 Mm. In the case of the probe of the embodiment 9, the 
present inventors manufactured it by using the wire 
material with a diameter of 55 Mm made of beryllium copper 
alloy containing beryllium by 2 mass% in place of the wire 
material with a diameter of 55 Mm made of Paliney 7 and by 
using a plating bath composed of nickel sulfate (NiS0 4 • 
6H 2 0) , nickel chloride (NiCl 2 • 6H 2 0) , boric acid (H 3 B0 3 ) and 
cobalt sulfate (CoS0 4 * 7H 2 0) in place of "Watts bath" under 
application of the same manufacturing method as that of 
the embodiment 6 . 
[0053] 

In reference to the probe of the embodiment 9, the 
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contact force under application of the over-drive was 
measured. A result of measurement is indicated in Table 2. 
In the case of the probe of the embodiment 9, the contact 
force with the amount of over-drive being 50 Mm was 5.0g, 
the contact force with the amount of over -drive being 100 
Mm was 10. Og and the aforesaid lower limit value of 
contact force of 7g was attained under a state in which 
the amount of over -drive was about 7 0 Mm or more. 
[0054] 

Further, the present invention is not limited to the 
probe for the vertical type probe card and having the 
curved portions, but can also be applied to the linear 
type probe for the vertical type probe card, having no 
curved portions and extending straight in a downward 
direction. In addition, the present invention can also be 
applied to the probe for a canti- lever type probe card and 
having its tip bent in a downward direction. 
[0055] 

[Effects of the Invention] 

As described above, in accordance with the probe for 
the probe card of the present invention, it is possible to 
attain a large contact force as compared with that of the 
bare wire structure made of either the prior art palladium 
alloy or beryllium copper alloy when the over-drive is 
applied to it. With such an arrangement as above, the 
probe having a diameter of 65 Mm can be used for the probe 
card to inspect the IC chip having a fine pitch such as 
100 Mm of a pitch size between the electrodes and the 
present invention can be adapted for a tendency of making 
a small pitch size between the electrodes of the IC chip 
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as the fine formation of the semiconductor integrated 
circuit is being promoted. 
[Brief Description of the Drawings] 

FIG.l is a sectional view for showing a configuration 
of a vertical type probe card. 

FIG. 2 is a view for illustrating a probe having a 
curved part used in a vertical type probe card. 

FIG. 3 is a view for illustrating a probe having a 
curved part used in a vertical type probe card. 

FIG. 4 is an illustrative view for showing an outer 
appearance shape of a probe used in a vertical type probe 
card . 

[Description of Reference Numeral s] 



1 


probe for probe card 


la 


curved portion 


2 


guide portion 


21 


upper guide plate 


21a 


guide hole 


22 


lower guide plate 


22a 


guide hole 


23 


probe fixing member 


24 


supporting member 


3 


base plate 


4 


wafer table 


5 


wafer 


51 


IC chip 


51a 


electrode 
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[Name of Document] Abstract 
[Abstract] 

[Purpose] To enable a probe to be applied to a probe 
card for use in inspecting the IC chip having a fine pitch 
such as 100 Mm, for example, as a pitch size between the 
electrodes by improving the probe for the probe card 
having a bare wire structure made of palladium alloy and 
the probe for the probe card having a bare wire structure 
made of beryllium copper alloy. 

[Means for solving] There is provided a probe for the 
probe card characterized in that the same is comprised of 
a structure where either nickel plating or nickel alloy 
plating is applied to the surface of the core material 
made of either palladium alloy or beryllium copper alloy. 
In addition, there is provided a probe for the probe card 
having a structure where either nickel plating or nickel 
alloy plating is applied to the surface of the core 
material made of either palladium alloy or beryllium 
copper alloy and further the wire drawing with the wire 
drawing dies is applied to it. 

[Chosen drawing] None 



28 



Slgf = 12PH0339 M- 1/ 17 

m £ n^rast * m-r a ~ ^ £ -r s ^ * - -? * - kjb n - 

63 

3 ; 5 

ifi 

[ 0 0 0 1 ] 
[0 0 0 2] 

0) It, ^tibV)-?*-? 1 ^STtXl^t^^ KSS2 #^n-^ 1 



mm 0 ¥j& 12^11^280 

MM^= 12PH0339 M- 2/ 17 

#v vu2i^ w^w^u— -?i ^^n^nnM-r^^-f k?L2 i a £#1-5 

IEB£*K ^Iti^/c-^l^tLftilltS^ K?L2 2 aSrWTST 
{R|J#V KtR2 2 ituffi_h#J#V Kt5 2 l£>±^I£g$*U ^MK^n 1 

2 1 i:TiJ^ K«2 2 t&%W1rZXWntf2 4 tiz£.V)ffif$.£tlT\,^ 0 
[0 0 0 3] 

£3 

3<D I lyi5^$nfc'>^^^5^^g^^-rv^6 D 5 1alll C^y^ 

rs i 
s ==• 

;;|l(Dm®5 1 a i^n— 7' 1 O^fe^^i^^^-T^o 
Q 

N- [0 0 04] 

I Cf -^5 1«5 1 att7/K = l)Aiii^tf7/^;-9 

a co^ffite^v^fcTVv^-^AJ; 9 fj:Z>mitmfrlf$J&£tiX^^ 0 ^(om\M 

v x fe, -f o - •? i o5t«s$p t m\M<o r ^{«-r 6 r ^ s - ? A - «a-£&JK £ 

[0 0 0 5] 



mm 0 ¥■& 12^11^280 

^g#-§-= 12PH0339 H : 3/ 17 

W^nfA/WSo yn-ZUoM, I C^y:/5 l £rJh#?-£i4:&SBIi£: 
K7^f^it^ 0 — ASfl^ :0^-^K7^^itt5O~lOO/i 

^n^'lOTt5 0 f Lt, fg 5 1 a I^^d -7' 1 tfcf 
^ N K^-f ^£rflP;i5 i3l^tJ;9(', — ^ l fi N -^O^ffe 

£pi a ^#^{c^LTMtfr 9, ^D-^M^F^O^ff (ft 

j±) Ctii5 1 a £#EE^5 0 m^J;^, ^-^1^15 13^©^ 
,£j^3o^-Tm^5 1 a <7)^®^b^bII«bnTI^*$n, 7"^ — 
§Pir^5 1 a WT/l-^^^A-^^lil^^fi^^-rSr i:^- t? #§ 0 ftfc 
gg&feffi (g) (i^— K7^yt (/zm) 0<fil'J;b^!lLT^# < 

[0 0 0 6] 

: 4 5 0 /zm, *5fe^E^ d : 2 5-3 0^, ^ftgflS^L 2 :|)2m 
tfp-efc5 0 r<DE#D^5 80/im(0/o-7 t |j;, iW H lrot°j/f1-ft^2 0 0M 

if — i 

<D&mwmL mumMMmt lt^t^, -<y y v^m-s&t lxk^v 

]) D A ^ 2 f 5 C u - 2 fi% B e&&tfmf btl% 0 '^v> 

^A^^Ltft ^H(DNE Yl±-^M^ttfc^y ^-f 7 (Paliney 7 : ffi& 
^=/N°y^^6 (Paliney 6 : t&p^) /^ifibtK ^i)^-f 7^ftt)±<ffl 
V^bnTV>-5 0 /N°y^^ 7 (7^y^»ii^©MASTM B-540 

P d : 3 5Wfi°/cN Ag : 3 0®S%, P t : 1 0fl% Au : 10® 
3;%. Cu : 14ft% Zn : l«i%T'fc5 0 ^°^^6 (T^y 
iI#©»STM B-5 6 3i:ffi^) fi/-?7^^^^^i:-r?>47C^ 
-Cfc5o :©^1^6©{tW(t Pd : 4 2-4 411%, Ag : 3 8~ 



ffitBB W-J&l 2*Fl 1 J! 2 8 B 
gj#f = 12PH0339 ; M: 4/17 

4 P t : O-lffl Cu : 16-1 7Rt%ffc5. 

[0 0 0 7] 

[0 0 0 8] 

ru 

*£iBM£ 3t £ W-f" 5 t> © fe o fc c 
[0 0 0 9] 

t#TV>5o ^LT. iifl© t° 5/ f ^ti£^ 1 o 0 /x m© I C f -7 /Irtlt ^ 
[0 0 10] 



Igtti B 12^11^280 
Sa#^-= 12PH0339 K: b/ 17 

r<Dfc*6, iirao^yfW ioo Mm© i c^yyro^Srfi 1 9 r. i ds-e 

[001 1 ] 

w-rz>& 5^Rg®^*>s«, i c^-^^^a^s 5°c:smi 5 oms: 

in 

I [0012] 
[0 0 13] 

[0 0 14] 



mm 0 i2¥iii28B 

gg#-S§- = 12PH0339 W: 6/17 

* o # x i* - y ^/^# *6 o # josjss $ n tz. m m & *rr s ~ £ £ £ -r a ^° n - 

[0 0 15] 
[0016] 

la [ooi7] 

tftei* {^i/Jfm. #t£PM) £l£&£K«H;fc£JBT-*>5„ fit^jg i <75l^^l|^m' 
■&^55!7 p n-^tb'<T^:#<i-S^i:* s "e#S 0 ^ *U£ «fc D ^n-^jg^^ 6 
5 Aim^iNB< UT, m®FBl©try^Tf-feiSl 0 0 ju m© I C^y^tfcSE&fT 5 




littiB ¥■&! 2¥l 1 £ 2 8 0 
12PHQ339 M- 7/17 

[0018] 
^ [0 0 19] 

3ftfc*3g&*ru #is^^^«ts#ifejbpxASiS$tLys:t>wT*:bs^e>. 

-<X*$fj:mmJ± (£tJ±) Sr#S-i:3& s T*#S„ n J: t) 6 5 

ju mfclftK LT, »1©t°7f^^ 10 0 Aim© I y :Az>tfe£«:fT 5 ^ 

o^ifiias^o-^i^pjiif^ ^«ft^as«:^-t■sKl^^:*Dxfi^^<z)^v^ft^f 
mm*. #^^^t-«t'5#»x/5^$n7ct>(7>-efc5^b, m*mi(o%£w 



*§me Mi2^ii^280 

^3g#-E§-= 12PH0339 M- 8/ 17 

[0 0 2 0] 

^^^h-^^^o^ (N i /C o-£^#>o#) , ^ <;/ ^ #>o# (N i 
/Fe^*o^) „ ^;/^/V-^nis^^o# (Ni/Cr^J6o#) „ 
-y^/lz-z^v'^^^feot (Ni/Pd^ot) > -RtF— ■y>rfl'— = r 
jXsjX,-? Di,A^ 0 ^ ( N i / T e /C r-^#>o#) Sr^ff 5 ~ t &X"£ § 
o >ett, ^ 7 o # © ^ 7 ^/l^lfttt 2 0f€ft%^±^}l#)-cfc 

il [0 0 2 1] 

feot^bs ^fe*o#^Jjg$tb5„ t*o#©)|Wj:0. 2~1. Ojum/^MQ 

ru 

f* [0 0 2 2] 

immm 

[0 0 2 3] 
[0 0 2 4] 



SttiB ¥f&l 2^1 1,3 2 8 0 
^M^t%= 12PH0339 M- 9/17 

itbfc 0 -ttefr-h, (1) (2) Tkgfc^ia, (3) SffibiS 

(4) TK^Vvrfl. (5) * h7-f ^*o#Ig, (6) TK^IS. (7) 

fcotie, (8) Tk^rg. (9) ^MiMt/ do) ^xmr-fc^o 

itti^Lt, fift^ ;y <7VU- (NiS0 4 - 6H 2 O) . ^h-^^/L- (N i C 

i 2 • 6H 2 o) Rmzom (h 3 bo 3 ) frht£%> t7-yvm\ tmtnx^^ 

[0 0 2 5] 

y i 

lf^U-oV^T 1 0~2 0%i LfCo 
[0 0 2 6] 

STi i 

^jjntff^5 /im^S'^o#^ft$tlfctil«:f U fro. WWLPJ 

m (@4#H&) ft, (fl^) D : 6 5 n m, £ L 1 : 4 5 0 /z m N ft 

ft^ji^d : 2 5 jum. r5tf»S£L2 :^2mraT*fo5o &*3* «#'J 1 ~H 

[0 0 2 7] 



3&M%r^ = 12PH0339 
[0 0 2 8] 

mi] 



^fcti 0 3F$c 12^11^280 
H: 10/ 17 



SO 

• . i 

"<>u 

cn 

m 









50 um 


60#m 


70 ixm 


80 um 


90 fim 


100 ;zm 






3. 0 


3. 5 


4. 2 


4. 9 


5. 3 


6. 0 






5. 1 


6. 1 


7. 0 


8. 1 


9. 0 


1 0. 0 




mm 2 


6. 0 


6. 9 


8. 1 


9. 0 


1 0. 1 


1 1. 0 


mm 

(g) 


mm 3 


6. 1 


7. 0 


8. 1 


9. 1 


1 0. 0 


1 1. 1 




mm a 


5. 0 


5. 9 


7. 0 


8. 0 


9. 9 


1 0. 0 






6. 0 


7. 1 


8. 0 


9. 1 


1 0. 0 


1 1. 0 



[0 0 2 9] 

«&jJP:£r^ 1 fc^-To — mz*— K7>f^Sfi5 0-1 0 0 »mX*hZ> 
^H:, t-^- K7 ^fi^ 5 0 /x t f t^ttflE^ 3 . Og, 1 0 0 u m<D k 

xtLT. ^MMffil 1 <D-7&—~fX*\-&^ 3r— K7^7"t^5 0 jimC^Cgl 
ftfeJE*S5. lg, 1 0 0 fim(Dk tt^gfttJEEdS i o. Ogtfe^ t-/<-K7 
^ftfl* 7 0 a mJ^±^^V^Xft]fe^flETPM 7 g d5#btLfc„ 

fflMi^-W^f^ 150GPa-efcD, ftMtM<D-7ci>--7[£m^tz.W&6 5 
um<Dy<V^-( 7 X V — ymMW.<D-Yl/?mn, 1 2 OGP a^fcofc 



[0 0 3 0] 



jgtti 0 12^11^280 
ilg^-= 12PH0339 H: 11/ 17 

ft ^ ^ n — m & ssas u fc 0 ro^-y^feo^ft^yp- -?m awn 

ft jtfcbP X # J6 * tlfc ~ 5/ >r /U* o # H # 7 s D - ^ ffl fflSg £ 
[0 0 3 1] 

5 O&moAtt-rZ-vlr (N i /C o£*&4?> 
o#) *51fe$Hfe«5i*:WU ^o, #^^*t'<£5#;idJnX^£n-0^ 

[0 0 3 2] 

IS 

i : 2 

(CoS0 4 • 7H 2 O) Sr^JHLfcfeo#?SSr^ffl.bfc„ 
\S\ [0 0 3 3] 

C3^yfl:* s 5 0 /im©i:#M»6. Og, 1 0 0 n m<D t # fcg&Wias 1 1 
** 0 g -C*fe 9 . ^— K7^7'I^ 60/i mJ^±^:m^Ti!i|ffi^&J±TPM 
7 g^#bn7c 0 

[0 0 3 4] 

5^m« 1 5fi%ttt5 = '7^^*^^ (N i /Fe^fco#) 

6 5 M m©7 P D-^iIlfco 

[0 0 3 5] 

5. -ttztt. feotffiiltit (FeSCU • 7H 2 O) Rtm 

8t=Ly<>r;V (N i S O4 • 6H 2 O) «r 5 T w o 1 f S*j fcHftfJl/T 



mm 0 ¥-f& 12^11^289 
12PH0339 . M- 12/ 17 

[0 0 3 6] 

^f^ii!i55 0^m(Dtti^«lJ±^6. lg. 1 0 0 m m£> £ # Klg&feBEtfS 1 1 
1 g T'fc 9 s ^fi* s 6 0 n ml^±^*5V^TBulE^Mi£TPW 7 

g^^tbtl/Co 

[0 0 3 7] 

T i 

l#j 4 (D^n — ^fi. y-? y ^-r 7 et 9 ioom m^nttt-f^x-Ts y 
Si ? & 2 scs%^i- s y y t> x <o & 3 s:^ 1 0 0 M m <Dmw&m v ^ . 

j\ [0 0 3 8] 

r L.; 

Mi^50^mOi^HiW5. Og, 100^m(7)^(:i»10. 0 
[0 0 3 9] 

ch^js] : -<y y 2Sft%^wi-5-<y y ")^^<t 9 45Stt 
i o o^raciwit, -<y y •>^^2fi%^wt5-<y y 

9 jfeSilLSl 0 0 nm<DMtf&mi<\ rT7 5/h^j {cft^T. «SK= y -ir 

^ (NiS0 4 • 6H 2 O) , mt^vtr^ (NiCU • 6H 2 O) , I5)S? 
(H 3 B0 3 ) 'Bi.XfffiMk^ V (C0SO4 • 7H 2 O) ri> b & 5 *6o 



m 



y^^= 12PH0339 



gfcBB W-J&l 2^1 1^280 

M- 13/ 17 



[0 0 4 0] 

I^50 J1 m<^^l^»6. Og. 1 0 0 nm(DbZKWifiikK-tfl 1- 0 

[0 0 4 1] 
[0 0 4 2] 

ifi [0 04 3] 

i y 

7 J: 9 & <5 DHH 5 5 Mm©iW>blfl3gtT, &©I&&&T$!at Lfc„ 

C=l 

**fcfc>*>. (1) IIIKilg, (2) TR^Xm. (3) Mbliv (4) 7k 

gfev^xa, (5) ^h7-r^^o#xm, (6) Tk^xa, (7) *o#x^ 

. (8) zk^xm, (9) ^ISSI>* (10) tJ&lStfifeS. ®^*6o# 
Srtr5 4?>o^xe^*5V^Ttt. 5 /im©/"?!;^ 7 «fc 9 LT 

„ fltrlEwyy h^£PMh/ri^5*o#^«:/flV\ &M?5fc&gf£: 2 ~ 1 0 A/ 
dm 2 tLt, £>o#ff 5 Aim©— s/^^fto#&J£L;fc 0 
[0 044] 

$ 6 Ommfs/^T^KH-So ^ (DWt^M £ <7>- 5> $vu«>o ^ o — ://fl 

*3tSrWU iSg6 5Mni©^o-^fc c -O^a-^^-fe (Hl4#B8) 




^{±5 0 W-$t 1 2^1 1^280 
jg#f = 1 2PH0339 M- 14/ 17 

- j£S D : 6 5 Atm, ftfis&Z LI : 4 5 0 /xm, S3fe«SES d : 2 

WftH2 :«2mmm ft3b\ 6 ~^WJ 9 - 

[0 0 4 5] 

[*2] 







50 p. m 


60/zm 


70 //m 


80 (im 


90 um 


100 jam 


(g) 




4. 5 


5. 6 


6. 4 


7. 6 


8. 5 


9. 5 




5. 0 


5. 9 


7. 0 


7. 9 


9. 0 


1 0. 0 




4. 5 


5. 5 


6. 4 


7. 5 


8. 6 


9. 5 




5. 0 


5. 9 


6. 9 


8. 0 


9. 1 


1 0. 0 



^ [0046] 

fit* s 5 0 /im^ttlW^U. 5g, 10 0,imW^Hg» 5 9. 5g 
[0 04 7] 

[0 0 4 8] 

r (Dmmm i <o-?xi -yzmm-t sum*. #>o # igt-^ts * o 

55S^=z/</uh (CoS0 4 • 7H 2 O) ^'^PUTt^o^^^r'feffl L.fc 0 
[0 0 4 9] 



m m 

mm 0 12^11^280 
^kWSt%= 12PH0339 H : 15/ 17 

[0 0 5 0] 

chm#J8] : -<y i? ^A^2«»%-aW-rs-<y u ^Ai^i^^sit 

^ n _^£^ L f Co - (D^0ij7(7)^n— /-?y 7 X *) ^5lf5 5 

^m©»tftit, -<y y ^A^r2K*%#wi-s-<y y ^.m^^^s 

,=. s ii:@5 5 ju m£>l§Mtf£fflv\ Hux!ibfc^^!]6 i:[W|cmig^i^J: >9^itbfc 0 
[0 0 5 1] 

inft^S5 0/xm<Z>i:#^ftfeff*S4. 5g, 1 0 0 u m<D t # l^ftMEd* 9 • 5g 

Uxh 9 , 3r—/<— z/Mfctfa 7 5 n mU±^^^X MfE^ftfeJITPg'fil 7 g ^ 

'q [0 0 5 2] 

N " cini^j 9] :^yyi>A^2 g»%-g-^-r z> y y ? <£ ft § 

*@^6 5 jum©^°n-^^®|itbfc 0 r. <7) 9 <D "7° n - 

7 i "5 5 5 /i mCWW-tit, y y # A 2 fC4% 

-a^-T5-<y y ^i^il^i ^^SE^S 5 ium60^?rfflV^ N T^^h 
m) ^ft^T. s/'ir/l' (N i SO* • 6H 2 O) , mt—vtr^ (N i C 

1 2 ■ 6H 2 O) , (H, B0 3 ) RTfflLWi^'Wh (Co SO* • 7H 

[0 0 5 3] 



m # 

fllttiB W-&L1 2^1 1 2 8 0 
^g|#-^-= 12PH0339 Si 16/ II 

• 0 tim<Dk$ 5. Og. 100Mm©^MEE^10. 0 

g X*&> 9 , ^~ K7^^i^ 7 0 ju m^±fc^T^fEg&WETIK*l£7 g 

[0 0 5 4] 

a— — K/Bt?fcoT3fcaBW s TlRH-#r V fttf btL/c^n --/t ^Jlffl pJtg-e 
f 3 [0 0 5 5] 

in 1 ] 

[02] 

0-C£>5 o 
[03] 

10 4] 



mtH B 12^11^280 
12PH03 3, 9 M- 17/ 17 

4 Yffi. 21a ■■■04 K?L 2 2 -TfiO^ KtS 22a • •jtf-f K7L 2 3 

5 1 ■•• I Cf-yf 5 1a ■■•fl® 




mm s 12^11^280 

Slgf = 1 2PH0339 M- 1/ 1 

zfu—zf*— Kffl^n— ^*5V>T N /^^i'^Xtt^!) !J 

ly 



